Abstract. Dinitrogen fixation is now recognized as one of the major sources of bio-available nitrogen in the ocean.
The median value as well as the dispersion of the iron surface concentrations over the tropical Pacific, are displayed for both the data and the model in Figure 2a . No statistical differences can be distinguished, the model being sampled at the same time and same location as the data. This latter result shows a good agreement between the data and the model at the tropical Pacific scale (Fig 2b compared to (Fig. 3b,c) is however too narrow compared to the observations, especially in the northern hemisphere. Similarly, the model is unable to simulate the elevated chlorophyll levels around the Costa Rica dome and the localized enhanced chlorophyll off Papua New Guinea. In TRI (Fig. 3b) , chlorophyll values in the South West Pacific region vary between 0.1 and 0.2 mg Chl.m -3 , with maxima located in the vicinity of the Fiji and Vanuatu islands. These values are within the range of the data, even if the data tend to be slightly higher (up to 0.3 mg Chl.m -3 near the coasts). The spatial structure is well represented, with maxima simulated around the islands.
Those localized chlorophyll enhancement suggest a specific island effect. In the subtropical gyres, the simulation predicts chlorophyll concentrations of ~0.05 mg Chl.m -3 which are higher than the observations (< 0.025 mg Chl.m -3 ).
In contrast in TRI_imp (Fig. 3c) , chlorophyll values in the South West Pacific and in the North hemisphere are too low in comparison with the ocean colour data (Fig. 3a) . TRI simulation thus appears in better agreement with the observations than TRI_imp.
Part of the surface chlorophyll in Figure 3b is associated to Trichodesmium. The Figure 3d shows the annual mean spatial distribution of surface Trichodesmium chlorophyll in the "TRI" simulation. ).
Otherwise the equatorial Pacific and South-east Pacific oceans are overall poor in Trichodesmium.
In Figure 4 , the dinitrogen fixation rates predicted by the model in "TRI" are compared to the observations from the MAREDAT expanded database. Evaluation of the model behavior remains quite challenging because of the scarcity of the observations. Some large areas are not properly sampled such as the north west tropical Pacific and the eastern Pacific. Nevertheless, some regional patterns emerge from the observations. Maximum fixation rates (~600 to 1600
; Fig. 4a ) are observed around the south west Pacific islands, in the Solomon Sea, around the Melanesian archipelagoes and around Hawaii, four well known « hotspots » of N2 fixation (Berthelot et al., 2015 , 2017 , Bonnet et al., 2009 , 2017 Böttjer et al., 2017) . The modeled regional patterns of strong fixation are coherent with the observations (Fig. 4b) , showing values in the same range. In the south Pacific, the TRI simulation is able to reproduce the strong east-west increasing gradient of N2 fixation as reported by dinitrogen fixation (Shiozaki et al., 2014; Bonnet et 
Trichodesmium Primary Production
We evaluated the direct relative contribution of Trichodesmium to PP ( Figure 5a (blue dots). In the model (red dots; Fig. 5a ), the maximum amplitude of the seasonal cycle appears to be underestimated relative to the observations (i.e. respectively ~170 μmol N.m In order to assess the seasonal cycle of N2 fixation rates in the south Pacific (red box Fig 1c; 160°E-230°E; 25°S-14°S),
we have extracted the available data for each month from our database (blue dots; Fig. 5b) , and the corresponding model values in TRI (red dots; Fig 5b) . In July no observations are available and in January, April and August, only one data point is available for the entire region. The predicted seasonal cycle is broadly consistent with observations. .d -1 in the observations. The increase in dinitrogen fixations rates occurs one month earlier than in the observations, in December instead of January, and remains two to three fold higher from April to June. It is important to note here that the sampling spatial and temporal distribution may distort the seasonal cycle. Using the model, it is possible to evaluate how well the seasonal cycle is captured by the sampling (red dots compared to green dots; Figure 5b ). The general structure of the seasonal cycle remains relatively unaltered. However, the amplitude is significantly impacted since it reaches 1100 μmol N.m -2 .d -1 in the sampling whereas it is about twice as low at 600 μmol N.m -2 .d -1 when all the model data points are considered. We can conclude that the TRI simulation reproduces well the seasonal cycle of N2 fixation rates at the Pacific scale, even though more data are needed to improve the evaluation of the model skills.
To further investigate the mechanisms that drive the seasonal variability of Trichodesmium in the Pacific, we examined the factors that control Trichodesmium abundance in the TRI simulation (not shown). This analysis indicates that this seasonal variability is mainly controlled by primary production. Hence we further examine the limitation terms of primary production (Fig. 8 ) in two representative regions characterized by elevated levels of N2 fixation rates (red boxes; Fig 1c) . A detailed description of these limitation terms is given in Appendix 1. A limitation term reaching 1 means that growth is not limited whereas a limitation term equal to zero means that growth ceases.
Trichodesmium growth sustained by nitrate and ammonia is very small in LNLC regions due to their very low availability and is therefore not considered further. Thus, our analysis is restricted to dinitrogen fixation. Trichodesmium simulations (see Table 2 ). The implicit formulation displays a similar spatial distribution than the explicit distribution but is predicting a lower total primary production, especially in the the southern Pacific where explicit formulation leads to an increase of about 45% in total PP compared to the one related to the implicit formulation. On average across our domain, total primary production is about ~ 9% higher when nitrogen fixation is explicitly modeled relative to an implicit formulation.
This difference becomes even weaker (2%) if only primary production by nanophytoplankton and diatoms is considered, with noticeable differences restricted to the areas of maximum dinitrogen fixation in the southern hemisphere (around the islands). PP sustained by the release of bio-available nitrogen is thus similar in the TRI and N2_imp simulations, but an explicit representation of dinitrogen fixation allows a better description of dinitrogen fixation patterns. Indeed, the areas of intense dinitrogen fixation rates cannot be properly simulated in the vicinity of the islands, especially in the southern hemisphere, by the tested implicit parameterization.
Limitations
In this study, we simulate dinitrogen fixation through the explicit representation of only one type of diazotrophs, the Trichodesmium sp. This choice has been motivated by evidences that it represents one of the main nitrogen fixers in the western tropical Pacific (Bonnet et al., 2015a; Dupouy et al., 2011; Shiozaki et al., 2014) and by the relatively good knowledge (compared to other dinitrogen fixers) we have about its physiology (Ramamurthy and Krishnamurthy, 1967; Ohki et al., 1992; Mulholland and Capone, 2000; Mulholland et al., 2001; Küpper et al., 2008; Rubin et al., 2011; Bergman et al., 2013) . However, our model remains simple and some of the mechanisms that drive the behavior of Trichodesmium have not been implemented in our model. As an example, the ability of Trichodesmium to group in colonies and to vertically migrate (Kromkamp and Walsby, 1992; Villareal and Carpenter, 2003; Bergman et al., 2013 ) (Bergman et al., 2013 Kromkamp and Walsby, 1992; Villareal and Carpenter, 2003 ) is well documented. The reason of these mechanisms remains unclear, but several hypotheses have been put forward such as avoiding nitrogenase exposition to di-oxygen (Carpenter, 1972; Gallon, 1992; Paerl et al., 1989) , or maximizing light (on the surface) and nutrients (at depth) acquisition (Letelier and Karl, 1998; Villareal and Carpenter, 1990; White et al., 2006) , or even increasing the efficiency of the uptake of atmospheric iron (Rubin et al., 2011) . Our model does not represent those processes, nor does it model the resulting vertical migration of Trichodesmium. Moreover, the release of fixed dinitrogen as reactive nitrogen bioavailable to other phytoplanktonic organisms has been set to a constant value of 5% .
This percentage is known to be highly variable and therefore this value is in the lowest range of the observations. An increase in this value would increase the PP due to nanophytoplankton and diatoms in the TRI simulation, and thus decrease the relative contribution of Trichodesmium to total PP, which would be closer to the last observations (Berthelot et al. 2017; Bonnet et al. 2017 ).
Some studies, mostly based on extrapolated in-situ data, aimed at assessing the potential of dinitrogen fixation at global or regional scale (Codispoti et al., 2001; Deutsch et al., 2001; Galloway et al., 2004) . In the western south tropical Top : Nitrogen fixation rates has been integrated over the top 150m of the ocean.
Bottom : Nitrogen fixation rates has been averaged over the top 30m of the ocean.
Model values have been sampled at the same location, the same month, and the same depth as the data. and TRI simulation (red). The green curve is the averaged of the seasonal cycle from TRI simulation at the data positions. Model values have been sampled at the same location, the same month, and the same depth as the data. 
